In veterinary medicine, mortality rates are high during the neonatal period, ranging from 6.9% to 21.2% in dogs, increasing significantly during birth, immediately after birth, and during the first few days of life \[[@r6], [@r8]\]. About 90% of the deaths that happen before the second day of life are caused by extended periods of hypoxia during birth \[[@r12]\].

Dystocia is the primary cause of fetus injury by hypoxia, and several dogs presenting a profile of dystocia need to undergo cesarean section \[[@r4]\]. Neonatal dogs already present a physiological profile of hypoxemia due to the intermittent uterine contractions during birth \[[@r19]\], a condition that may be aggravated by dystocia or a cesarean section. Cesarean sections often lead to hypoxemia due to neonatal depression caused by the anesthetic agents administered to the bitches, which can hamper or delay the onset of breathing \[[@r2], [@r17]\].

Physiologically, venous blood is delivered to the placenta through the umbilical arteries, and the arterial blood is then perfused to the fetus through the umbilical vein. After birth, with the first breath and the increase in PaO~2~, the umbilical arteries contract within a 45-sec window, while the umbilical vein remains visible. The ductus venosus constricts, the oval foramen and the ductus arteriosus both close, and blood stops being circulated to the lungs \[[@r7], [@r24]\].

In human medicine, not clamping the umbilical cord, a procedure conducted both with cesarean sections and vaginal deliveries, stabilizes the neonate's circulation, increases perfusion and reduces hypoxemia \[[@r3], [@r14]\]. Adequate blood flow is necessary for breathing to start after birth since the required cardiac output increases from 8--12% in the fetus to 40--50% in a human neonate \[[@r10]\]. The blood flow from the umbilical vein to the neonate is blocked abruptly by clamping, reducing the preload in the heart. At the same time, blockage of the umbilical arteries increases the afterload by increasing the peripheral vascular resistance, which results in a reduction in cardiac output \[[@r18]\].

When the umbilical cord is left intact, and the clamping is performed later, the blood flowing through the placenta and the umbilical cord at the time of birth is used for pulmonary circulation when breathing starts \[[@r18]\], which stabilizes circulation and minimizes changes to cardiac output and blood pressure in human neonates \[[@r3]\]. The recommended practice in human medicine is not to clamp the umbilical cord because of the benefits, such as a reduced number of babies requiring blood transfusions due to anemia, improved circulatory stability, reduced risk of an intraventricular brain hemorrhage, reduced risk of necrotizing enterocolitis, and reduced number of late sepsis cases \[[@r14]\].

In dogs, however, there are no known studies regarding the physiology or the benefits of not clamping the umbilical cord, which might be because the procedure is complicated by the number of puppies and short umbilical cords. However, even after removing the placenta from the uterus, keeping the umbilical cord intact allows the neonate to receive residual blood flow from the umbilical cord and placenta. Therefore, this study assesses the effect, on neonatal vitality, of keeping the umbilical cord intact (assessed with Apgar and reflex scores) in puppies born through cesarean section.

MATERIALS AND METHODS {#s1}
=====================

This study was approved by the Ethics Committee of the College of Veterinary Medicine and Animal Sciences (FMVZ, *Faculdade de Medicina Veterinária e Zootecnia*, UNESP, Botucatu, Brazil).

The randomized study included 50 neonate dogs divided into two groups: those that underwent umbilical cord clamping (n=25), and those that did not (n=25). The neonate dogs were from 16 litters and the following breeds: four Miniature Pinschers, three French Bulldogs, three mixed-breeds, two Maltese, one Pug, one Shih Tzu, one Lhasa Apso, and one Australian Cattle Dog.

The inclusion criteria for the study were full-term bitches with the onset of birth signals that underwent therapeutic cesarean sections due to dystocia caused by uterine inertia, narrowing of the birth canal, or obstructive fetal position. The exclusion criteria were litters with fetuses presenting heart rates below 180 beats per min in an ultrasound Doppler examination before the cesarean section (the entire litter was excluded), single-fetus gestations, neonates with meconium in the amniotic fluid, neonates presenting congenital malformations, low blood glucose levels (\<90 mg/d*l*) at the time of birth with collection through the jugular vein, or in need of emergency procedures, as well as those presenting placental pathologic alterations such as infarction or placentitis. One neonate was randomly excluded in litters with an odd number of neonates because the evaluation required an equal number of individuals in each group per litter.

A birth was defined as the removal of the neonates from the uterus. The animals were assigned to a group alternately upon birth. Not clamping the umbilical cord was defined as clamping the umbilical cord at least 3 min after the establishment of spontaneous pulmonary breathing. In this group, the placenta was removed from the uterus together with the neonate without severing the umbilical cord. Clamping was defined as clamping the umbilical cord 5--10 sec after removing the neonate from the uterus.

Anesthesia before the cesarean sections was induced with intravenous propofol, at a dose sufficient for loss of laryngotracheal reflex (dose effect). Lidocaine 2% was used for epidural anesthesia (0.25 m*l* per kg weight), and maintained with isoflurane diluted in oxygen. The procedure time between induction and removal of the neonates from the uterus was 15--20 min. Immediately after birth, neonates from each litter were alternately assigned to the clamping or no clamping groups. During breath stimulation, those assigned to the no clamping group were handled in the palm of the handler's hand, in ventral decubitus, and a position with the head tilted downward, and the placenta elevated higher than the body. The placenta was removed carefully and without handling the umbilical cord in order to avoid compression. While one handler held the neonate, the second handler kept the placenta elevated in relation to the neonate due to the gravitational influence on blood transfusion. After spontaneous breathing began, the neonate was kept on a heated surface, with the placenta above its body. The umbilical cord in the early clamping group was clamped by Halstead hemostatic forceps 5 to 10 sec after the fetus was removed from the uterus.

After birth, the neonates were divided into two groups, kept on a heated surface (30 degrees Celsius), and identified with numbered bands on the thoracic limb. The airways were cleared with an aspirator and a chest rub performed to stimulate breathing. After neonatal breathing started, vitality was assessed with Apgar and reflex score assessment within the first 5 min and again 10 min after the first assessment. The umbilical cords in the no clamping group were connected to the placenta (elevated above the body) for at least 3 min after the onset of spontaneous pulmonary breathing; clamping was conducted immediately after the first assessment.

The Apgar score assessment included the color of the mucosae, heart rate, respiratory rate, muscle tone, and irritability reflex ([Table 1](#tbl_001){ref-type="table"}Table 1.Apgar score for dog neonates \[[@r24]\]Parameter/Score012Mucosae colorCyanoticPaleRosyHeart rate (bpm^a)^)\<180180--220\>220Respiratory rate (mpm^b)^)Absent (\<6)Weak, Irregular (6--15)Regular, Rhythmic (\>15)Muscle toneFlaccidSlight limb flexureFlexureReflexive irritabilityAbsentSome movementEvident cryinga) Beats per minute. b) Movements per minute, respiratory rate was assessed through the observation of thoracic movement.). Heart rate was assessed with a stethoscope, and the respiratory rate was assessed through the observation of the thoracic movement. Irritability reflex was assessed through a painful stimulus in the footpads. Muscle tone was assessed with the neonate in supination, observing active movements and response to the limb's passive moments. The color of the mucosae was assessed by visual examination of the oral mucosa. Each parameter received a score between zero and two, and the sum of all scores represented the neonatal vitality of each puppy. The overall score was classified as described by Veronesi *et al.* \[[@r23]\]: 0--3 low vitality, 4--6 moderate vitality, and 7--10 high vitality. Heart rate was also compared between the groups, separately from the Apgar score, to evaluate the influence of clamping umbilical cord on the neonatal circulatory pattern.

The reflex score regarded the degree of neonatal depression, including suckling, rooting, and righting reflexes ([Table 2](#tbl_002){ref-type="table"}Table 2.Neonatal reflex score system \[[@r23]\]Reflex/Score012SuckleAbsentWeakStrongRootingAbsentSlow fit of the nose in the circleImmediate fit of the nose in the circleRightingAbsent (remains in decubitus)Slow repositioningImmediate repositioning) \[[@r22]\]. The suckling reflex was assessed by inserting the tip of the examiner's little finger in the neonate's mouth. The righting reflex was stimulated by placing the neonate in dorsal recumbency on a soft and heated surface. The expected response was the neonate righting its body, with a fast return to ventral recumbency. The rooting reflex was assessed by the examiner forming a circle with the thumb and index finger and placing the hand near the neonate's face. The expected response was the neonate seeking to fit its face within the circle. The sum of the three scores was the reflex score of each puppy.

All data were assessed with the aid of the SAS System \[[@r15]\]. The differences between the treatments were analyzed through parametric and nonparametric tests according to the assumptions of residual normality (Gauss distribution) and homogeneity of variance. Differences between the groups and moments in the Apgar score and reflexes were analyzed using the Wilcoxon signed-rank test (nonparametric variables). The heart rate difference between the groups was analyzed using the Student's *t*-test (parametric variables).

The answer variables also underwent Spearman's correlation analysis, and the results were described as the mean and standard error. The significance level selected was less than 5% (*P*\<0.05). The number of neonates per Apgar score (0 to 10) and reflex score (0 to 6) are given as percentages.

RESULTS {#s2}
=======

The study included 50 neonate dogs of varying breeds from 16 litters, with bitches between one and seven years old. Seven of the bitches were primiparous. The average number of neonates per litter was 4.7. The 16 litters had a total of 76 neonates, 50 of which were included in the study, and 26 of which were excluded by the pre-defined criteria ([Table 3](#tbl_003){ref-type="table"}Table 3.Number of neonates per litter and per groupLitterTotal neonatesNo clamping groupClamping groupNeonates in the exclusion criteria162222422-352214211-561146522178224831119722310622211422-124112133111145113155221163111). Of the neonates, 29 were female, and 21 were male. The no clamping group comprised 12 females and 13 males, and the clamping group comprised 14 females and 11 males.

The frequency of animals with each Apgar score (0 to 10) and reflex score (0 to 6) are in [Tables 4](#tbl_004){ref-type="table"}Table 4.Number of neonates per Apgar score at the first and second moment within each groupScoreApgar scoreFirst momentSecond momentNo clampClampNo clampClamp0000011 (4%)0002000031 (4%)3 (12%)0041 (4%)5 (20%)0052 (8%)3 (12%)0063 (12%)1 (4%)0073 (12%)3 (12%)1 (4%)3 (12%)83 (12%)4 (16%)06 (24%)911 (44%)6 (24%)24 (96%)16 (64%)100000Total25 (100%)25 (100%)25 (100%)25 (100%) and [5](#tbl_005){ref-type="table"}Table 5.Number of neonates per reflex score at the first and second moment within each groupScoreReflexes scoreFirst momentSecond momentNo clampClampNo clampClamp06 (24%)8 (32%)0012 (8%)4 (16%)0023 (12%)3 (12%)0034 (16%)6 (24%)05 (20%)43 (12%)4 (16%)3 (12%)3 (12%)54 (16%)03 (12%)5 (20%)63 (12%)019 (76%)12 (48%)Total25 (100%)25 (100%)25 (100%)25 (100%), respectively. In the no clamping group, after removing the neonates together with the umbilical cord and the placenta, we observed that the umbilical cords were full of blood at the time of birth and later became whitish and collapsed, demonstrating the blood transfer ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.(A) After removing the neonate from the uterus, together with the umbilical cord and the placenta, we observed that the umbilical cord filled with blood at the time of birth. (B) Whitish umbilical cord 4 min after birth, demonstrating the transfer of blood.).

No interactions were observed between the evaluations (first and second moment) and the groups (Clamping and No Clamping) ([Table 6](#tbl_006){ref-type="table"}Table 6.Probability values for the main effect in the clamping vs. no clamping groups and the first vs. second moment, and the interaction for neonatal variablesGroupMomentGroup × MomentApgar score (0--10)0.01\<0.00010.38Reflexes score (0--6)0.003\<0.00010.50). The statistical differences in each group, and each moment are shown in [Table 7](#tbl_007){ref-type="table"}Table 7.Mean, standard error and probability values for the group effect (clamping vs. no clamping) and moment effect (first vs. second) by the Wilcoxon signed-rank testGroupMomentClampNo clamp*P*-valueFirstSecond*P*-valueApgar scoreFirst6.3 ± 0.457.2 ± 0.440.1Clamp6.3 ± 0.458.5 ± 0.14\<0.01Second8.5 ± 0.48.9 ± 0.14\<0.01No clamp7.2 ± 0.448.9 ± 0.14\<0.01Reflex scoreFirst1.7 ± 0.452.8 ± 0.14\<0.05Clamp1.76 ± 0.454.96 ± 0.44\<0.01Second4.9 ± 0.445.6 ± 0.08\<0.05No Clamp2.8 ± 0.145.6 ± 0.08\<0.01. The Apgar score did not differ between the groups in the first moment (*P*=0.1) but was significantly higher (*P*\<0.01) in the no clamping group than in the clamping group at the second moment. The reflex score was significantly (*P*\<0.05) higher in the no clamping group than in the clamping group at both moments.

When compared between moments, both Apgar and reflex scores were significantly (*P*\<0.01) higher at the second movement than at first in both the groups. Both the no clamping and the clamping groups had a positive correlation between the reflex and Apgar scores (r=0.73, *P*\<0.001; r=0.69, *P*\<0.001, respectively).

We also chose to combine all evaluations (first and second moment) in order to observe the effects of the groups over the heart rate. There was a significant difference (*P*\<0.05) between the means of the clamped and not clamped groups ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Mean and standard error for heart rate in neonates that underwent umbilical cord clamping and those that did not. bpm=beats per min. \*indicates difference between the groups (clamping vs. no clamping) (*P*\<0.05).).

DISCUSSION {#s3}
==========

Conventionally, the standard procedure regarding neonate dogs and the placenta during delivery has been to clamp the umbilical cord immediately after birth \[[@r14]\]. Contemporarily, however, the benefits of not clamping the cord are well known in humans; yet, that is not an established practice in Veterinary Medicine, probably due little number research on the topic.

This study removed the placenta from the uterus together with the neonates, keeping the umbilical cord intact. Even in cases of placental abruption, the umbilical vein, which is a larger vessel than the umbilical arteries \[[@r11]\], retains a pulse for about 3 min, which aids residual placental blood flow to the neonates \[[@r7], [@r11]\]. The shorter umbilical cord in dogs may be helpful in this situation since the distance between the placenta and the neonate is shorter than in humans.

According to Khateria *et al*. \[[@r7]\], there is no urgency to sever the umbilical cord in human neonates, and it is safe to wait until the cord becomes flat and white, indicating that the neonate has received most of the placental blood. In this study with dogs, we observed that the umbilical cord also became white and flat.

During the extrauterine transfer, with the first breath and the increase in PaO~2~, the umbilical arteries contract within a 45-sec window, while the umbilical vein remains visible \[[@r7], [@r24]\]. During the procedure, we noticed that blood transfusion from the umbilical vein to the neonate remained active after the placenta was removed from the uterus, with the umbilical cord visibly filled with blood and transfused to the neonate from 2 to 4 min after birth (indicated by the whiteish coloration and eventual collapse). These findings suggest that there is a transfusion of the residual blood in the umbilical cord to the neonate dog.

In humans, blood flow from the placenta to the neonate is gravity-driven. Therefore, babies are kept at least 10 cm below the mother and the placenta \[[@r21]\]. In this study, the dog neonates were kept below the placenta for at least 3 min after breathing to aid blood flow.

In human neonates, blood can return to the placenta through the umbilical arteries, but a study has shown that blood flows from the neonate to the placenta for only 20--25 sec after birth, becoming negligible about 40--45 sec after birth \[[@r24]\]. On the other hand, the umbilical vein retains a pulse for about 3 min, allowing blood flow from the placenta to the neonate due to spasms in the umbilical arteries and the thicker umbilical vein \[[@r7], [@r11]\]. Therefore, we kept the umbilical cord intact in the no clamping group, without clamping, for at least 3 min after breathing. Clamping was postponed until after the establishment of pulmonary breathing because, due to the lack of uterine contractions, spontaneous breathing plays a significant role in enabling placental transfusion after the cesarean section \[[@r7]\]. According to Khateria *et al.* \[[@r7]\], spontaneous breathing and crying create negative pressure in the thoracic cavity and increase the gradient between placental vasculature and the fetal right atrium, improving blood flow from the placenta to the neonate.

A study conducted in lambs born through cesarean section showed that keeping the umbilical cord intact until the establishment of spontaneous breathing improves cardiovascular function and cerebral perfusion during the fetal-to-neonatal transition \[[@r3]\], corroborating the results observed in human babies \[[@r5], [@r13]\].

The Apgar and reflex scores (proposed by Veronesi *et al.* \[[@r23]\] and Vassalo *et al.* \[[@r22]\]) helped determine the clinical condition of the neonate at the time of birth and were used in this study since low scores are often observed in cases of hypoxia \[[@r21]\]. Physiologically, dog neonates are born with a natural degree of hypoxia \[[@r20]\] and are depressed by the anesthetic agents used in the caesarian section \[[@r2]\]. Therefore, the Apgar and reflex scores tend to be low at first, but vitality improves with time \[[@r21], [@r22]\], which was also observed in this study in both the clamping and no clamping groups, with significant differences between the two moments (*P*\<0.01). In this study, evaluations conducted by a single evaluator are a limitation. However, a single evaluation helps reduce the subjectivity factor in the clinical examination, which might happen with multiple evaluators.

When comparing both groups, there was a significant difference in reflex score at the first and second evaluation; the scores were significantly higher in the no clamping group. This higher vitality may be linked to the improved perfusion and lower hypoxemia in the group. Apgar scores did not vary significantly between the groups in the first moment. However, there was a significant difference in the second moment. When the heart rate was evaluated separately, it was significantly higher in the no clamping group, suggesting that the residual blood flow from the placenta and the umbilical cord was sufficient to modify the neonatal circulatory pattern.

Studies comparing umbilical cord clamping versus no clamping in human neonates have shown no significant difference in Apgar score between the groups \[[@r1], [@r9]\], which is in line with the results observed with this study's dog neonates, in the first moment. Although the procedure chosen for not clamping the cord is different from that employed in human medicine.

No significant difference between the groups for the Apgar score at the first evaluation may be related to the degree of anesthetic depression from the cesarean section, the physiological hypoxia during birth, or the adaptation towards extrauterine life \[[@r2], [@r16], [@r20]\]. With the physiological improvement observed in the first minutes of life, statistically significant differences were observed between the groups' Apgar scores.

When assessing the number of neonates with each Apgar score (0 to 10) and reflexes score (0 to 6), the no clamping group at the second evaluation presented more animals with higher scores, than the clamped group, which is healthy vitality for animals born in favorable clinical conditions and is possibly related to improved neonatal viability and lower mortality risk \[[@r16], [@r21], [@r22]\].

Not clamping the umbilical cord is an option that should be considered for cesarean sections, since it may improve neonatal vitality. It is of utmost importance that the medical team is trained in neonatal procedures to improve survival rates. Not clamping the umbilical cord and removing the placenta from the bitch is not detrimental to the neonate dogs and could improve tissue perfusion due to residual blood flow from the placenta and umbilical cord, which might lead to improved neonatal vitality at birth.
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